The continuous development of Spatial Data Infrastructures (SDI) provides a favourable context for environmental management and planning. However, it appears that the actual contribution of SDIs should also depend on the correlation between users' expectations and the services delivered to them. Several studies have addressed some organizational, methodological and technological aspects of the development of SDIs. However, only a few studies have, to the best of our knowledge, studied SDI use at large. This article introduces a methodological approach oriented towards the study of the relationship between SDIs and the users interacting with them as part of their professional practices. Our study is applied to coastal zone management and planning in France. This approach combines structural and data flow modelling. The former is based on Social Network Analysis (SNA) and the latter on Data Flow Diagrams (DFD). This modelling approach has been applied to an online questionnaire and semi-structured interviews. The results identify the SDIs, geographical data flows and institutional levels implied in French coastal zone management and planning.
Introduction
Since the mid-1990s, the development of Spatial Data Infrastructures (SDI) matches the urgent need expressed at the international level to facilitate access, exchange and sharing of geographical data held by different stakeholders. The aim of SDIs is to maximize the benefits towards the geographical information community while reducing production and management costs (Crompvoets et al. 2004) . Rajabifard et al. (2002) identified five core components of SDIs including policy, access networks, technical standards, people (including partnerships) and data. According to Williamson et al. (2003) , an SDI is a core infrastructure that supports economic development, social stability, good governance and sustainable management of the environment at all levels.
Over the past few years, SDIs have been progressively implemented at various institutional levels ranging from local to state, provincial, national and regional levels (Rajabifard et al. 2006) . Vandenbroucke et al. (2009) describe these emerging SDIs as a network of data flows exchanged between organizations that produce, use and share geographical information.
Geographical information is recognized as a key element in decision-making in both the public and private sectors (Longley et al. 2005) . In the field of environment management and planning, the use of geographical information has become widespread, involves all institutional levels (i.e., local, regional, national and global), and contributes to better environmental knowledge. The importance and relevance of geographical information use is confirmed in the European Union through the development of the INSPIRE Directive, which established a European SDI to make geographical data more accessible and interoperable (European Commission 2007) .
The development and implementation of SDIs at multiple levels should favour better management and planning of environmental policies. However, and as mentioned by many authors (Nedović-Budić et al. 2008 , Hennig et al. 2013 , Masser and Crompvoets 2015 , the operational framework and technological advances behind the implementation of SDIs are not sufficient to support such purposes. In fact, these authors recommend that a user-centred approach should be a significant asset for successful SDI development. Such an approach considers the users and their expectations as key factors for the development of SDIs. Indeed, these requirements should be taken into account in the early stages of an SDI development process, ideally at the design level, in order to provide an SDI that is scalable and flexible enough to effectively meet the user's needs (Nedović-Budić et al. 2008) .
Another main challenge for a successful development of SDIs lies in the development of appropriate relationships between the different institutional levels involved and the related needs to manage geographical information at the most relevant level (subsidiary principles) (Vandenbroucke and Biliouris 2011) . As SDIs are implemented at various institutional levels (local, regional, national and global) and across different public bodies, efficient and effective coordination is required.
However, while substantial efforts have been devoted to the definition of standards, technologies and policies (Masser and Crompvoets 2015) , low attention is given to SDI users as well as to interactions between these multiple institutional levels (Vandenbroucke 2011) . This can be partly explained by the fact that SDIs are large and complex information systems that combine social and technical components covering a large range of domains, scales and institutional levels. Moreover, the fact that they combine different information infrastructures from conventional GIS to web-based systems brings many additional complex issues to deal with (Grus et al. 2010) . Therefore, the search for a comprehensive view of the data flows through these decentralized platforms, institutions and levels, as well as the identification of users' profiles, expectations and requests is far from being a straightforward task .
This article introduces a methodological approach for the study of the relationship between SDIs and the users interacting with them as part of their professional practices. The objective is to provide a comprehensive view of these interactions based on a structural analysis of the SDIs, geographical data flows and institutional levels involved in environmental management and planning. We believe that having a general overview is an essential prerequisite in order to take into account the complex nature of the use of SDIs.
We retained a two-level framework that combines social Network Analysis (SNA) (Wasserman and Faust 1994) and Data Flow Diagrams (DFD) (Mylopoulos 1998 ). Both approaches focus on the SDIs, users and data flows as the three key dimensions used to study SDI use (Vandenbroucke et al. 2009 , Vancauwenberghe et al. 2011 . One of the main assumptions used to analyse the relationship between the SDIs and their users is that an SDI is connected to a user as far as there is a data flow between that user and SDI. On the one hand, the SNA approach allows for an exploration of SDI use based on the structural-and graph-based properties that emerge from the network of interactions between the SDIs and their users. On the other hand, the DFD approach reflects the main data flows types between the SDIs and the users as identified by the interviews. Together, these two approaches provide a complementary framework that qualifies these interactions at different levels of abstraction, from the description of the whole set of SDIs and their users, to the representation of the main SDIs and the data flows types.
In order to provide a better understanding of the SDIs used in a specific environmental management and planning context, this methodological approach has been applied to coastal zone management and planning in France. This case study represents a multi-stakeholder and multi-level territorial governance system especially relevant to study the complex nature of SDI use. Specifically dedicated to the heterogeneous landsea interface (Sale et al. 2008) , coastal zone management and planning is implemented by a wide range of public stakeholders and institutions involved at complementary institutional levels. It requires appropriate geographical information at the most relevant scales and implies information exchanges and collaborations between all the stakeholders and across all institutional levels (Bartlett and Smith 2004) . In France, where coastal territories are at the heart of national policies due to the large extent of the maritime domain, sharing geographical data is a major component of coastal and marine public policies.
The remainder of the article is organized as follows. Section 2 develops the methodology and modelling principles behind both the SNA and DFD approaches, while Section 3 presents the results of the French coastal zone management and planning case studies. Finally Section 4 discusses the main findings and outlines further work while Section 5 draws the conclusions.
Methodological principles
The case study of coastal management and planning offers a means of investigating multiple variables of potential importance for understanding SDI use. In order to provide a holistic account of SDI use, a two-tiered approach that combines a structural and data flow modelling analysis based on SNA and DFD. It has been conducted thanks to the application of an online questionnaire and semi-structured interviews targeting SDI users involved in coastal management and planning tasks.
Data collection
The users considered by our study, and hereafter denoted as coastal users, have the following properties: (1) they are civil servants, (2) they are involved in one-to-many institutional levels (i.e., local, regional, national) in the implementation of coastal zone management and planning tasks in France and (3) they use geographical information and SDIs on a more or less regular basis.
The SDIs identified by the users are infrastructures implemented by different public bodies. They manage and deliver geographical information to a broad range of stakeholders through search and access mechanisms and are most often oriented to coastal management and planning. The SDIs reported by the coastal users are identified thanks to a data collection process that combines an online questionnaire and semi-structured interviews.
Coastal users from all over the country participated on a volunteer basis in an online questionnaire widely distributed through different national networks involved in geographical information and the management of coastal areas. The objective of this online survey was to identify: (1) respondent' skills (e.g., level of competence in GIS), (2) institutional context of the respondent (e.g., type of organization, institutional levels), (3) SDIs used (e.g., local, regional), (4) purpose and subsequent benefits (e.g., technical, collaborative) and (5) contribution to coastal and marine management and planning (e.g., adaptive management, ecosystem-based management). The SNA modelling approach derived from (2) and (3) generates a network of 196 users representing different levels, and identifies 80 SDIs ranging from local to global. The latter are mainly part of the SDIs inventories conducted by the French Association for Geographical Information (AFIGEO 2014) and by the EUROGI/eSDI-net project (EUROGI 2012).
From the initial 196 users identified, a panel of 30 representative users were identified to conduct additional semi-structured interviews. They were selected in order to reflect different institutional and coastal levels, global and local SDIs as well as professional and academic backgrounds. The goal of these interviews was to consider and integrate additional qualitative information on (1) sources of geographical information used, (2) tasks related to geographical information processes and (3) SDI uses and needs. The main idea behind these interviews was to identify the main categories of data flows (e.g., search, find, disseminate). The emerging data flows were then modelled by the DFD approach.
Modelling background

Social Network Analysis -principles
The representation and analysis of the structural properties of a large set of SDIs and their users is based on a SNA approach. Inspired by network theory, SNA approaches study humans' social networks to identify the structural properties and patterns that emerge (Wasserman and Faust 1994) . The relationships between the different members of a given system and the local and global shapes that appear are the focus of the analysis. An SNA network is derived from the relationships that relate the identified members of the given system, and further analyses are based on the derivation of a series of mathematical indices that outline the main structural properties, that is, the way the network nodes are located in the central and peripheral parts of the graph. Several graph-based operations are usually applied in order to outline the main local and global properties that emerge from the network (Brandes et al. 2006 ). In the context of our study, while local properties reveal the way a given node (SDI or user) interacts with the nodes in its immediate neighbourhood, global properties reflect the characteristics of the interactions of a given node (SDI or user) with the nodes of the whole network. Last but not least, additional visual exploratory frameworks, often part of most SNA functionalities, provide further means to understand the main properties of the network considered (Card et al. 1999) . Moreover, the SNA approach models the network derived from the relationships between the SDIs and the users involved at different institutional levels.
Data Flow Diagram analysis -principles
The SNA approach is complemented by a conceptual representation that models the main data flows between the SDIs and users (i.e., any data interaction between a user and a SDI). The selected approach, DFD, came from the domain of information design, and while initially applied to software engineering, its scope has been largely extended to a wide range of data and information modelling (Mylopoulos 1998) . Based on a graphic formalism, DFD diagrams denote how data are used by a system on the one hand, and on the other hand, identify the external entities involved (e.g., people or systems). This allows the data flows between the involved entities to emerge (Li and Chen 2009 ). Thanks to a hierarchical decomposition of data processes, the DFD approach provides a series of nested diagrams; from the most general diagram called a context diagram (also known as 'level 0' diagram), to the increasingly more specific diagrams describing in greater detail the processes and data flows (Shelly and Rosenblatt 2009 ).
Based on its visualization capabilities, the main advantage of the DFD representation is that it models the semantics of the different categories of the data flows involved. This provides a different perspective from the one provided by the SNA representation, which is much more oriented to a structural representation at large.
Modelling approach
So far, SNA and DFD analyses have often been applied to model humans' social networks and information systems processes, respectively (Wasserman and Faust 1994, Mylopoulos 1998 ). However, and to the best of our knowledge, they have not yet been applied together. While DFDs have been mainly applied at the information design level, SNAs are rather applied to understand the structural properties that emerge from existing systems, the respective objectives of these two modelling approaches being very different. The approach developed in this article combines the two analyses in order to characterize and explore the structural properties of a large set of SDIs and to model the main categories of the data flows.
The SNA approach 1 explicitly represents the relationships between a series of SDIs and the users interacting with them as part of their professional practices. This approach is based on a bipartite graph, which is defined as a graph whose nodes can be divided into two distinct sets of entities (Borgatti and Everett 1997) . Within the framework of our study, the nodes of the bipartite graph are the SDIs and their users. An SDI is connected by an edge to a user as far as there is an exchange of information between them. These edges are oriented from the users to the SDIs.
A series of graph-based measures is applied to reflect the main structural properties of the emerging network. These measures reflect local and global patterns in the network and are derived respectively from the measures of degree (Freeman 1978) and normalized closeness centrality (Sabidussi 1966) . As the graph is bipartite, these measures are computed from all types of nodes (i.e., SDI, user). More precisely, the measure of degree evaluates the interactions of a given SDI or user with respect to its neighbourhood. The number of nodes connected to that node gives the degree. The normalized closeness centrality reflects the role played by a given SDI or user in the entire network. It evaluates how often a given node is a part of all shortest paths between the nodes in the network. In particular, the normalized closeness centrality can reveal gateway nodes in the network; this being a valuable property when searching for the users or SDIs whose role is most prominent in the network. The normalized closeness centrality denoted C c (i) of a node i is defined as the reciprocal of the average shortest path length and is computed as follows (Sabidussi 1966) :
where d(i, j) denotes the length of the shortest path between the two nodes i and j, while n gives the total number of nodes in the network.
While the SNA approach explicitly represents the relationships between a series of SDIs and the users interacting with them as part of their professional practices, the DFD analysis represents the categories of the data flows between the users and the SDIs, thus providing the sort of conceptual representation that is usually developed by information modelling processes. This approach generalizes the key data flows to a conceptual and graphical representation of the users' professional practices.
The product of DFD analysis 2 is a context diagram. This diagram is developed according to several modelling abstractions (Yourdon and Constantine 1979 ) that represent SDIs, users and data flows, the three main components of the system under study. The DFD approach gives a broad view of the data flows, not only between the SDIs and their users but also between additional information sources and the users.
Case study
Spatial Data Infrastructures
The study, applied to the context of French coastal management and planning, reveals several patterns that are hereafter summarized. First, it appears that the 196 coastal users that responded to the questionnaire identified 80 SDIs used for their coastal zone management and planning practices (e.g., diagnosis, management plan elaboration, implementation, assessment). More than half of the respondents (56.5%) reported using from 2 to 11 SDIs.
The fact that the SNA approach integrates SDIs and users in a bipartite graph reveals several patterns. A pattern that immediately emerged is the large diversity of SDIs interacting with the users considered. It also appears that the resulting graph made up of 276 nodes (i.e., 196 users and 80 SDIs) and 403 edges is highly polarized. This denotes a scale-free property (Barabási and Albert, 1999) , which means that a few SDIs are connected with a large number of users, while many SDIs are used by a small number of coastal users.
Based on the graph-based measures previously introduced and a visual exploration of the resulting graph, the SNA analysis allows for a characterization of the multiple SDIs of the network. First, the degree measure reveals the most connected SDIs in the network. Figure 1 presents the whole SDI and users' network, where the size of the nodes is proportional to their degree values, reflecting the diversity of users or SDI used, respectively.
The measure of degree identifies the most important SDIs, that is, the ones having a high number of coastal users, such as Geoportail 3 (the French national SDI) and CRIGE-PACA 4 (the oldest French SDI implemented by the Provence-Alpes-Côte d'Azur region and with a community of more than 1200 partner organizations). The former is comprised of 65 users, and the latter with 82 users. These SDIs, that jointly total 37% of the total users, share the fact that they provide access to a large diversity of terrestrial and marine geographical information, particularly relevant for coastal zone management and planning tasks.
The measure of normalized closeness centrality outlines some global structural properties by marking a difference between the central and less central SDIs in the network (other measures of centrality, such as the betweenness centrality, give comparable patterns for that network). Figure 2 presents the entire SDIs and users network, where the size of the nodes is inversely proportional to their normalized closeness centrality values.
The central nodes denote some SDIs generally connected to many users (e.g., Geoportail and CRIGE-PACA), these often being connected to users that also interact with other SDIs, while the nodes at the periphery generally depict SDIs having a few users also not interacting much with other SDIs.
The central SDIs play a sort of gateway role in the network that is potentially connecting users to other SDIs. Indeed, the large majority of the users (98%) of the most central SDI of the network (Géoportail) are also interacting with other SDIs (e.g., PIGMA 5 , GEOPAL 6 ). For the second most central SDI (CRIGE-PACA), only half of the users (53%) of this SDI interact with other SDIs.
At the periphery, a few outlying patterns can be explained by various factors. For instance, on the periphery of the graph we find (1) SDIs that play a minor role are related to overseas areas (e.g., Martinique for SIG 972 7 and Guadeloupe for Prodige 971 8 ), (2) SDIs that provide access to a low number of geographical information themes (e.g., Soes, 9 INSEE 10 ), (3) SDIs whose access is restricted to specific types of users (e.g., civil servants for Prodige-Picardie, 11 subscribers for IGECOM 40 12 ), (4) SDIs that provide some very local and specific geographical information (e.g., SIT PNR PACA, 13 SIG Var 14 ) and (5) SDIs that provide some very small-scale geographical information (e.g., EuroGeographics 15 ). The SNA analyses reveal the fact that most coastal users interact with key SDIs while also interacting with other minor SDIs, this combination being necessary for professional practices related to coastal management and planning.
Geographical data flows
The SNA approach provides an extensive representation of all SDIs and the users interacting with them. This generates a relatively large network whose structural properties can be computed. However, the commonalities of the data flows that emerge are not easy to identify. Thus, a need arises for a complementary approach whose objective is to enable a better understanding of the main characteristics of the data flows identified.
The DFD analysis complements the SNA approach by representing the main of data flows types through the actions carried out by the coastal key informants with the SDIs reported by the SNA approach. These actions specify the different SDI uses reported by the users interviewed. The main actions include (1) 'search/find' geographical information and (2) 'disseminate' geographical information. These actions have been derived from users' interviews by clustering similar terms.
The DFD approach also allows us to represent the categories of the geographical data flows with additional resources of geographical information, as identified by the interviews. This additional geographical information is mainly obtained from the (1) collection of new geographical data through field observations ('collect' flow) and (2) solicitation of various partners (e.g., civil servants of others departments, associations) that are involved in the production of geographical information related to coastal areas. The latter are essentially provided by informal exchanges ('request /receive' flow), however that sometimes doesn't succeed ('request' flow). The DFD approach also identified the thematic working groups associated to some SDIs. The objective of these working groups closely related to a theme, such as coastal and marine areas, is to favour dissemination of geographical data. Figure 3 summarizes these main actions, additional sources of geographical information, working groups, related geographical data flows, SDIs and coastal users. This figure reflects the data collected during the interviews and has been generated using the graphic formalism of the DFD approach. SDIs are represented by the 'circle' symbol, users are represented by the 'rectangle' symbol and data flows are represented by the 'arrow' symbol. When the flow is bidirectional, the 'arrow' symbol comes with the 'bullet' symbol on the side of the source of the flow.
The main actions reported (i.e., search/find, disseminate) reflect the very generic functions of an SDI. More sophisticated actions related to value adding services in management and planning (e.g., real-time reception, 3D/4D visualization, spatial analysis, simulation, report tools, etc.) are not described by the users interviewed. These specialized tasks are in fact still being performed by GIS software and other specific computational systems outside the scope of the main SDI framework. Figure 3 also reveals the fact that SDIs alone are so far not sufficient enough to access the whole extent of the geographical information needed for coastal zone management and planning. Users have to combine several sources of geographical information (e.g., field observations and information from various partners) in order to gain access to the relevant information, which is non-accessible via the available SDIs.
The DFD approach also highlights the key role of these working groups for the coastal stakeholders by encouraging data flows within their community (e.g., Pôle métier Mer et Littoral of the CRIGE PACA 16 ). They act as communities of practice (Wenger 1999) , and allow users to act together for coastal zone management and planning purposes. These working groups act as strong catalysts for geographical data flows in the coastal community. Their members gradually become active 'produsers' ) that use, share and/or produce geographical information via the SDIs.
Institutional levels
The SNA bipartite graph has been restructured, in order to depict institutional levels. This structural approach takes into account the multi-level dimension of public policies reflected by coastal management and planning activities and by the SDIs implementation. This should also outline the collaborative interactions between the different SDIs and levels considered (Vandenbroucke and Biliouris 2011) . According to the institutional levels that emerge from the questionnaire outputs, Figure 4 presents a network representation where the nodes 'SDIs' are all grouped at the institutional level upon which the SDI is implemented and the nodes 'users' at the institutional level upon which the user is institutionalized.
Given the significant number of French SDIs implemented at various institutional levels (AFIGEO 2014), the interest of this multi-level representation is that the respective importance of each institutional level, as well as the SDI territorial levels and data flows, can be visually revealed (Figure 4) . Overall, it appears that coastal respondents use SDIs implemented from local to global levels. In particular the prominent role of regional SDIs can be clearly observed, as more than the half (51%) of the 403 network edges connect a user to a regional SDI. National SDIs also play an important role. More than a quarter (29%) of the total number of edges connects a user to a national SDI. The edges connecting regional and national SDIs come from users working mainly at local and regional levels. It also appears that the users of local and regional levels preferentially use SDIs implemented at the same or higher levels. National, and even European users, are characterized by an opposite pattern. In fact, they generally interact with an SDI at an equivalent or lower level. Horizontal edges outlining interactions between users and SDIs at an equivalent level are mainly observed at the national and regional levels.
While the SNA bipartite graph visually presented by institutional levels highlights the existence of the multi-level data flows and the respective roles of the SDIs at each institutional level, the DFD representation allows us to refine these findings by identifying the specificity of each level. Figure 5 presents the data flows identified in Figure 3 , structured by institutional levels.
Several specificities of institutional levels can be observed. For instance, European and Global SDIs appear to be not so relevant for the users (they are then not represented in Figure 5 ). Furthermore, only local users exploit additional resources of geographical information. In particular, the important role of regional and national SDIs for the coastal data flows highlighted by the SNA approach is confirmed by the DFD analysis through two peculiarities of these SDIs.
First, while 'search/find' actions are generally performed on SDIs implemented at all levels, data dissemination most often happen at regional and national SDI levels. The former are undertaken by local and regional users, whereas regional and national users perform the latter.
Second, working groups, useful for coastal users, are mainly implemented by regional SDIs and, to a smaller extent, by national SDIs. Overall, the regional working groups gather local and regional coastal stakeholders, while national working groups bring together regional and national coastal stakeholders. Figure 5 shows that sharing geographical information across multiple institutional levels doesn't integrate all institutional levels (e.g., from local to national). The interactions across different levels appear to be segmented, as they involve only two levels (e.g., local to regional, regional to national).
Discussion
This article introduces a methodological approach for the study of the relationships between the SDIs and the users interacting with them as part of their professional practices, an essential prerequisite for taking into account the complex nature of SDI use. This study was motivated by the need to better understand the relationships between users and SDIs, these being key factors for a successful development of SDIs (Masser 2005 , Nedović-Budić et al. 2008 .
Different characteristics of SDI use can be identified thanks to the complementary graph-based and graphical analyses of the SNA approach, and the diagrams of the DFD approach. These characteristics are based on identification of the main and outlier SDIs, the key categories of data flows that arise, and the emerging interactions between the multiple institutional levels.
In particular, according to professional practices reported by coastal users through the questionnaire and interviews, this study shows the necessity for coastal users to combine predominant SDIs playing a gateway role and outlying SDIs playing a minor role in the coastal community. Such a combination of SDIs generates various data flows through the tasks accomplished by the coastal users. Thanks to a combination of the multiple territorial levels of both SDI implementation and coastal manager interactions, the multi-level framework of the SNA and DFD analysis adds an extra dimension to the study. This approach favours an analysis of the respective roles played by each institutional level (i.e., SDIs and users), as well as the data flows circulating across them. This approach is particularly relevant for multi-stakeholder and multi-level territorial practices, such as coastal zone management and planning.
Multi-level representations highlight the important role of regional SDIs in the dissemination and sharing of geographical information necessary for the management of coastal areas in France. This is considered as the key level for the successful implementation of the INSPIRE Directive in the French national context (European Environment Agency 2014). These regional infrastructures and working groups allow coastal users to be in a better position to discover, access, share and redistribute geographical information related to their own practices.
Nevertheless, the coastal respondents need to combine the SDIs implemented at different institutional levels with additional geographical information resources (field observations, information coming from various partners but not available via SDIs, etc.). Such a combination of all geographical information sources is required by coastal users to provide a general overview of a given coastal zone and the related management and planning issues. Indeed, better management and planning of coastal ecosystems require the development of decision-making systems based on environmental and anthropogenic data collected and analysed at various spatial and temporal scales. In particular, and at the local level, the use of geographical information is considered to be an essential first step in the evaluation of coastal resources and related pressures. At higher levels, such information must be generalized to allow for the identification of key issues and to support the implementation of coastal policies (Canessa et al. 2007 ). These different requirements can finally confirm the specificities observed through multilevel analysis.
On the one hand, the SNA analysis focuses on the characterization of a relatively large set of SDIs used by a broad coastal community, the identification of major and minor SDIs and the visual representation of a large amount of informational flows. On the other hand, the DFD approach models the main categories of these data flows involving not only major and minor SDIs, but also working groups devoted to the sharing of geographical information and additional information sources. SDIs are complex, dynamic and multi-faceted systems (Grus et al. 2010 ) that reflect the peculiarities of technological, political and institutional contexts. According to Budhathoki and Nedovic-Budic (2007) and Bregt et al. (2009) , a conceptual and interdisciplinary framework is essential in order to take into account developments related to the diversification of uses and to the horizontal and vertical interactions that characterize the implementation of SDIs at multiple institutional levels. As such, the combination of the SNA and DFD approaches delivers complementary results, as it enables a description of both the static (entities) and dynamic (flows) properties of SDI use at both individual and collective levels and across multiple institutional levels. Our two-level methodology implements a 'multi-view' approach that allows us to take into account the complex nature of SDIs (Bregt et al. 2009 ).
The approach also provides some insights for further developments. As the methodology is based on a voluntary sample, we must take into account the fact that the overall picture that appears on SDIs' use might not be complete enough. The panel of respondents should be enlarged to consider not only potential SDI users but also non-users in order to enrich the whole approach (Selwyn 2003) . A qualitative analysis of the figures that emerge from the survey and interviews represent a privileged extension of this study. The objective will be to describe to what extent the SDIs satisfy the user's goals. Another direction for further work is to consider the temporal dimension of the SDIs evolution (Harvey et al. 2012) in order to analyse the emergence of cloud-based and location-based services and crowd sourcing that SDIs need to address. In that context, a future objective is to repeat the online questionnaire and the interviews, allowing a comparison of practices and SDIs' use properties over time. The approach developed could also be transferred and tested in different national contexts and sectors including the terrestrial and maritime domains. This might contribute to the monitoring and reporting components of the EC's INSPIRE in order to evaluate the progress of INSPIRE implementation within different member states. The user-centred approach developed could help complement current technical infrastructure recommendations by an integration of users' point of view, this possibly improving the INSPIRE contribution to the implementation of environmental policies (European Environment Agency 2014).
Conclusion
This article introduces a methodological and experimental approach which objective is to provide a comprehensive view of relationships between SDIs and their users based on a study of the geographical data flow of a network of SDIs implemented at different institutional levels.
This methodological approach combines two complementary methods (SNA and DFD approaches) in order to take into account the complex nature of SDIs and the multiple levels of interactions with a community of users. This combination of analytical and modelling analyses constitutes the principles of a study that generates a 'multi-view' of the interactions between the SDIs and their users in the context of the complex multistakeholder and multi-level coastal governance. Overall, not only does this approach prove to be valuable in the context of coastal management and planning but it also provides a methodological framework that can be further applied to the study of other SDIs contexts. Last but not least, the combination of SNA and DFD modelling approaches also offers novel avenues for the analysis of large information systems as the combination of structural and categorical analysis provide complementary points of view. Indeed, that methodological attempt is still preliminary, and should be further experimented and applied to different regional and national SDIs.
The proposed methodology should also provide a better knowledge of the SDIs users' practices, which is becoming an important factor within the context of the democratization of geographical information and the emergence of Volunteered Geographic Information (Goodchild 2007) . Such approach can support 'user-centred' SDI implementations and could also contribute to a multi-view framework used to assess SDIs (Crompvoets et al. 2008) .
Notes
